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Abstract This dissertation explores the problem of con-
structing an effective general game-playing program, with
an emphasis on techniques for automatically constructing
effective heuristic evaluation functions from game descrip-
tions. A technique based on abstract models of games is pre-
sented. The abstract model treats mobility, payoff and termi-
nation as the most salient elements of a game. Each of these
aspects are quantified in terms of stable features. Evidence
is presented that the technique produces heuristic evaluation
functions that are both comprehensible and effective. Em-
pirical work includes a series of general game-playing pro-
grams that placed first or second for the three consecutive
years of the AAAI General Game-Playing Competition.
The full dissertation can be downloaded at https://sites.
google.com/site/jimcluneresearch/.
1 Introduction
My work on general game playing techniques emphasizes
heuristic evaluation functions. These are functions from
game states to numbers used to assess the desirability of
non-terminal states for particular players. In my opinion, au-
tomatic construction of effective heuristic evaluation func-
tions from game descriptions is the central challenge of gen-
eral game playing. However, it is a subject that is best dealt
with in the context of a complete general game player em-
ploying some type of game-tree search. In recognition of
this, search techniques are covered in this dissertation as
well.
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In my dissertation I describe several reasons why general
game playing (GGP) is an important research problem.
Competitive Performance Metric In his doctoral disserta-
tion, Barney Pell argues that a primary reason for com-
puter game playing research has been the competitive per-
formance metric for intelligence, namely the presumed link
between winning games and intelligent behavior. Pell de-
scribes a problem with this presumption:
Unfortunately, the use of such a link has proved
problematic: we have been able to produce strong
programs for some games through specialized en-
gineering methods, the extreme case being special-
purpose hardware, and through analysis of the games
by humans instead of by programs themselves. Con-
sequently, it now appears that increased understand-
ing and automation of intelligent processing is nei-
ther necessary nor sufficient for strong performance
in game-playing [2].
Pell goes on to propose that the solution to this is to change
the problem so that the programs are forced to do the game
analysis because the programmer is not given the specific
game to be played ahead of time. He calls this new paradigm
metagame, which describes the basic ideas of what is now
known as GGP.
Flexible Software Capabilities Machines in general and
computers in particular are extremely brittle compared to
the flexibility of behavior and abilities we see in the ani-
mal kingdom. Part of this brittleness is attributable to the
extreme narrowness of domain that is associated with most
software. The notion of domain breadth is difficult to charac-
terize precisely. A single program can easily play top-quality
chess, checkers, and Othello by simply combining the top
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programs for each game with a simple “switch” statement.
However, this approach does not produce the ability to ef-
fectively play an infinite number of games that qualitatively
differ from one another. GGP presents a challenge to exhibit
flexibility in software that is more common to natural organ-
isms than to computers.
Game-Oriented Programming Another way to view GGP
is to think of the game descriptions as computer programs
and the general game player as a compiler. When viewed
through this lens, the present research program can be seen
as an exploratory step in the development of a game-oriented
programming paradigm. The paradigm enables a program-
mer to specify a task that can be formulated in terms of
goals, actions, states, payoffs, and adversaries without ex-
plicitly supplying the compiler with any strategies or tactics
for maximizing the payoff.
Generality as a Key Aspect of Intelligence A primary sci-
entific problem of AI is to understand intelligence compu-
tationally. Our concern is with computational theories that
circumscribe the design space of intelligent systems rather
than psychological theories of human cognition. Neverthe-
less, because humans exhibit the most perspicuous example
of intelligence, it is reasonable to strive for theories that cap-
ture features that have been identified as important to under-
standing human intelligence. Chief among these features is
what psychologists call g, or the general factor of intelli-
gence [1]. GGP research contributes to the scientific goals
of AI by explicitly addressing generality as an important as-
pect of intelligence.
2 Overview of the Dissertation Project
The project associated with this dissertation is aimed at de-
veloping effective techniques for general game playing, em-
phasizing heuristic evaluation functions. My technique for
heuristic evaluation functions involves the construction of
an abstract model from a game description. The model is
in terms of stable (incrementally varying) numeric features,
and abstracts the game to core components, including pay-
off, mobility, and termination. The overall heuristic evalua-
tion function seeks to pursue mobility and expected payoff,
weighing payoff more heavily as the game approaches ter-
mination.
An important aspect of the project is that these tech-
niques are developed and evaluated in the context of a com-
plete general game playing program. This project has co-
evolved with the introduction of the AAAI General Game
Playing Competition and the associated Stanford General
Game Playing Project. To a first degree of approximation,
my project can be understood as a series of entries in this
competition. This does not mean that the value of my project
is limited to the competition, but rather that my project rep-
resents one approach to the type of research that the com-
petition is designed to promote. On a practical level, the
Game Description Language (GDL) developed by the Stan-
ford group has provided the model for which games are
described in my own project, allowing me to focus more
on game-playing techniques instead of on how to describe
games.
The competition itself has created a small but interna-
tional community of researchers as well as a venue for em-
pirically evaluating various approaches. At the time of this
writing, there have been three annual GGP competitions. My
project has contributed an entrant in each competition and
has consistently earned a spot in the championship round,
placing first the first year and second the other two years.
The level of game-play has increased significantly each year.
At the time of this writing, my project is the only one to
make it to the championship round more than once.
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